Introduction
============

Sudden sensorineural hearing loss can be defined as sudden loss of more than 30 dB of sensorineural hearing at three or more consecutive frequencies within 3 days \[[@b1-jao-2019-00318]\], and it is treated as an otologic emergency, as failure to receive a proper treatment in the early stage may result in permanent hearing loss \[[@b2-jao-2019-00318]\]. Although the exact mechanism of action for the cause of sudden sensorineural hearing loss is unknown, various etiological theories consisting of various factors have been proposed. While viral infection, vascular disorders, autoimmune diseases, trauma, inner ear deformation, and central nervous system disorders, such as acoustic tumor, are believed to be involved, the cause is often unknown in many patients. Cardiovascular diseases, smoking habit, and excessive stress appear to be the most common risk factors associated with sudden sensorineural hearing loss \[[@b1-jao-2019-00318]\].

Therefore, various treatment methods have been tried for sudden sensorineural hearing loss. Systemic steroid therapy is recognized as the basic treatment for sudden sensorineural hearing loss owing to its high anti-inflammatory effect \[[@b3-jao-2019-00318]\], and other known treatments include intratympanic steroid injection, anti-viral agents, diuretics, blood circulation improvement agents, and high-pressure oxygen therapy. Among these, intratympanic steroid injection can be used for patients who are unresponsive to treatment or have difficulty in undergoing the whole-body therapy. It has a significantly higher recovery rate when conducted in parallel with systemic steroid therapy \[[@b4-jao-2019-00318]\], and injecting steroids into the tympanic cavity can help maintain a higher concentration of steroids in the inner ear \[[@b5-jao-2019-00318]\].

Even with these advantages, clear guidelines for treatment with intratympanic steroid injection have not established, and there are only a few studies on the treatment effect of intratympanic steroid injection at different intervals. In the study by Chou, et al. \[[@b6-jao-2019-00318]\], there were no statistically significant differences between the treatment effect of the near-continual transtympanic steroid perfusion and the intermittent intratympanic steroid injection. However, the group with the near-continual transtympanic steroid perfusion had better improvement in hearing.

Therefore, under the assumption that intratympanic steroid injections at a shorter interval would result in higher concentrations of steroid inside the inner ear and provide better treatment effect, the aim of this study was to compare the treatment effects of the intratympanic steroid injection at different treatment intervals for patients with sudden sensorineural hearing loss.

Subjects and Methods
====================

Subjects
--------

From January 2015 to February 2019, 427 patients were diagnosed with sudden sensorineural hearing loss in our department and treated with systemic steroid therapy and intratympanic steroid injection. Among them, the medical records of 99 patients who received intratympanic steroid injection four times were retrospectively analyzed. Finally, 51 patients were included in this study, excluding the patients whose hearing loss started more than 14 days before, who had less than 25 dB in the initial hearing test, who had recurrent hearing loss or trauma, and who were lost to follow-up. The initial hearing and presence of dizziness, tinnitus, hypertension, and diabetes were investigated. Further, the results of hearing improvement after the steroid therapy was investigated. The study was approved by the Institutional Review Board of Bundang Jesaeng Hospital (IRB No. DMC 2019-07-003).

Methods
-------

For systemic steroid therapy, the patients were orally or intravenously injected with 0.8 mg/kg of methylprednisolone (Methylon^®^, 4 mg/T, Alvogen, Gonju, Korea) or 0.15 mg/kg of dexamethasone disodium phosphate (Dexamethasone^®^, 5 mg/mL, Yuhan, Seoul, Korea) for 5 days, and subsequently, the dose was reduced over 5 days. The patients underwent systemic steroid treatment using oral steroids. However, if a patient complained of gastrointestinal trouble or difficulties in oral administration, the systemic steroid treatment was provided via the intravenous route. Furthermore, all patients received 160 mg of ginkgo biloba extract (Tanamine, 80 mg/T, Yuyu Pharma Inc., Jecheon, Korea) orally in the follow-up period.

For the intratympanic steroid injection, the patients were injected with 0.4-0.6 mL of dexamethasone disodium phosphate (Dexamethasone^®^, 5 mg/mL, Yuhan). Depending on the interval of the intratympanic steroid injection, the patients who received administrations at intervals of 1 day were assigned into group 1, and patients who received administrations at intervals of 2-3 days were assigned into group 2.

Pure-tone audiometry was conducted on the day of the hospital visit, after 2 weeks, after 1 month, after 3 months, and in the follow-up period. The patients with fully recovered hearing were eliminated from the study. The results of pure-tone audiometry were calculated in a quartering method of 0.5, 1, and 2 kHz, and the degree of initial hearing loss was classified as mild (26-40 dB), moderate (41-55 dB), moderate--severe (56-70 dB), severe (71-90 dB), and profound (91 dB). The level of hearing recovery after the treatment was classified based on Siegel's criteria: 1) Complete recovery was defined as the final hearing level of over 25 dB, regardless of the size of the gain; 2) Partial recovery was defined as ≥15 dB of gain and the final hearing level of 25-45 dB; 3) Slight improvement was defined as ≥15 dB of gain and the final hearing level lower than 45 dB; 4) No improvement was defined as \<15 dB of gain or the final hearing level lower than 75 dB \[[@b7-jao-2019-00318]\].

Intratympanic steroid injection
-------------------------------

For intratympanic steroid injection, the patient was placed in the supine position. Beracaine spray (Lidocaine, 0.1 g/mL, Firson Co., Ltd., Cheonan, Korea) was used to induce local anesthesia in the tympanum, and 0.4-0.6 mL of dexamethasone was injected in the anterosuperior part of the tympanum using a 1-mL syringe with a 25-gauge spinal needle under the microscope. Subsequently, to allow the injected drug to stay in the round window as long as possible, the patient was maintained in the supine position with the symptomatic ear facing upward for 10 min and instructed not to swallow or speak.

Statistical analysis
--------------------

For statistical analyses, the two groups were compared using the t-test, Mann-Whitney U test, chi-square test, and analysis of variance on SPSS 20.0 (IBM Corp., Armonk, NY, USA). A *p*-value below 0.05 was considered statistically significant.

Results
=======

Group 1 had a total of 27 patients aged 58.48±15.15 years, with male-to-female ratio of 9:18. Their hearing capacity was 58.89±25.81 dB at the time of occurrence, and the systemic steroid therapy and intratympanic steroid injection treatment were commenced 3.25±3.32 days after the onset of hearing loss. Among them, 17 patients underwent the systemic steroid therapy via the oral route, and the remaining 10 patients underwent the systemic steroid therapy via the intravenous route. Group 2 had a total of 24 patients aged 58.75±8.48 years, with male-to-female ratio of 12:12. Their hearing capacity was 64.06±32.23 dB at the time of occurrence, and the systemic steroid therapy and intratympanic steroid injection treatment were commenced 4.33±4.50 days after the onset of hearing loss. Among them, 22 patients underwent the systemic steroid therapy via the oral route, and the remaining 2 patients underwent the systemic steroid therapy via the intravenous route. There were no statistically significant differences between the two groups in age, sex ratio, initial hearing level, dizziness, tinnitus, or underlying diseases. The interval for intratympanic steroid injection in group 2 was 2.21±1.05 days ([Table 1](#t1-jao-2019-00318){ref-type="table"}).

Two weeks after the treatment, compared to the initial hearing, groups 1 and 2 had hearing improvements of 25.03± 20.36 dB and 25.50±26.07 dB, respectively. In the final hearing test in group 1, the average hearing test follow-up period was 42.96 days, with hearing improvement of 27.67±20.45 dB and final pure-tone audiogram of 31.37±27.48 dB. In group 2, the average hearing test follow-up period was 40.36 days, with hearing improvement of 32.79±21.42 dB and final pure-tone audiogram of 31.46±24.55 dB. The hearing test results showed no statistically significant differences (*p*=0.714) between the two groups ([Fig. 1](#f1-jao-2019-00318){ref-type="fig"}).

Based on the extent of hearing recovery, group 1 showed a recovery rate of 18/27 (66.7%), with 15, 3, and 9 patients showing full recovery, partial recovery, and no recovery, respectively. Group 2 showed a recovery rate of 16/24 (66.7%), with 14, 2, 3, and 5 patients showing full recovery, partial recovery, slight recovery, and no recovery, respectively. The hearing recovery was not statistically different between the two groups (*p*=1.000) ([Table 2](#t2-jao-2019-00318){ref-type="table"}). While administering the intratympanic steroid injection over four sessions, no associated complications occurred in either group.

Discussion
==========

Hobson, et al. \[[@b8-jao-2019-00318]\] reported that a combination of systemic steroid therapy and intratympanic steroid injection as the primary treatment shows better hearing improvement than the systemic steroid therapy or intratympanic steroid injection alone, and they recommended the oral intake of 60 mg/day of prednisone for 7-10 days and four sessions of intratympanic steroid injection with 24 mg/mL of dexamethasone over 2 weeks. Steroids reach the inner ear via the systemic route or via intratympanic steroid injection and increases blood flow to the inner ear. Systemic steroid therapy requires high concentrations of steroids to provide therapeutic effect because it needs to pass through the blood--labyrinth barrier. In contrast, intratympanic steroid injection requires low concentrations of steroids, as the steroid is directly delivered through the round window \[[@b9-jao-2019-00318]\]. Lee, et al. \[[@b10-jao-2019-00318]\] compared the steroid concentrations in the perilymph when dexamethasone was injected to mice through the round window or through the abdominal cavity and reported that injection through the round window results in higher steroid concentrations and maintains the concentration for a longer period of time. Therefore, despite intratympanic steroid injection being widely used in the clinical treatment of sudden sensorineural hearing loss, various opinions on the optimal dose, medication, and administration methods are still being proposed.

As we thought that administering intratympanic steroid injection at shorter intervals would maintain a higher concentration of steroid within the inner ear and would achieve better treatment effects, we performed this study by dividing the study subjects into two groups: a group that received intratympanic steroid injection every day and another that received intratympanic steroid injection every 2-3 days. Hargunani, et al. \[[@b11-jao-2019-00318]\] studied the distribution of steroids in the inner ear over time following intratympanic steroid injections in an animal experiment using rats. Steroids were first found in the inner ear 15 min after the injection and no longer found 24 h after the injection. There are only a few reports on improvement in the hearing threshold level and the hearing recovery rate based on Siegel's criteria after medication use with the intratympanic steroid injection. Kim, et al. \[[@b12-jao-2019-00318]\] reported no significant differences in the hearing threshold level improvement or hearing recovery rate based on Siegel's criteria with methylprednisolone or dexamethasone injection. However, the authors mentioned that dexamethasone may be the preferred drug, as the use of methylprednisolone causes pain, although without statistical significance, such as burning sensation in the throat and ear \[[@b12-jao-2019-00318]\]. Sugihara, et al. \[[@b13-jao-2019-00318]\] studied the treatment effects based on the interval of intratympanic steroid injection by dividing the patients who received at least two intratympanic steroid injections into three groups (group 1: 1-4-day interval, group 2: 5-10-day interval, group 3: 11-30-day interval) and reported that there were no significant differences in the hearing test among different groups and that all groups showed similar hearing results 11-30 days after the treatment. In addition, when Suzuki, et al. \[[@b14-jao-2019-00318]\] compared the results of the hearing tests between the groups that received intratympanic steroid injections at short intervals (4 times a week) and at long intervals (once a week over 4 weeks), there were no statistically significant differences between the two groups.

In this study, systemic steroid therapy and intratympanic steroid injection were simultaneously commenced for an average duration of 3.76±3.92 days from the onset of hearing loss. The patients who received a total of four intratympanic steroid injections were divided into two groups: a group that received injection every day and another that received injections every 2-3 days (average 2.21 days). When classifying complete and partial recovery under Siegel's criteria as recovered hearing, both the groups had 66% of hearing recovery rates, showing no statistically significant differences. In addition, even upon including complete recovery as recovered hearing, the two groups did not show significant differences (*p*=0.842).

A limitation of this study was that the steroid types used in the systemic steroid therapy were different between oral methylprednisolone and intravenous dexamethasone therapies. The reason was that if a patient complained of gastrointestinal problems or difficulties in oral administration, the systemic steroid treatment was provided via the intravenous route. In addition, since patients who simultaneously received systemic steroid treatment and intratympanic steroid injection were studied, checking the treatment effect of intratympanic steroid injection alone at different intervals might be limited. Such variables would need to be more controlled in the future studies. Lastly, further studies should be conducted on more patients because the small sample size was a limitation of this study, which had resulted from the excluding nature of the retrospective study.

In conclusion, this study was conducted by dividing the patients with sudden sensorineural hearing loss into a group that received systemic steroid therapy and intratympanic steroid injection every day and another group that received intratympanic steroid injection every 2-3 days. The results of this study showed no significant differences in the hearing potency or hearing recovery rates between the two groups.
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![Comparison of the pure-tone average between the two groups. There were no significant differences in hearing improvement between the two groups (*p*=0.714, analysis of variance). Group 1: Intratympanic steroid injection every day for 4 days. Group 2: Intratympanic steroid injection four times at intervals of 2-3 days.](jao-2019-00318f1){#f1-jao-2019-00318}

###### 

Comparison of the demographics and hearing characteristics between the two groups

  Clinical characteristics                Group 1 (n=27)   Group 2 (n=24)   Total (n=51)   *p*-value
  --------------------------------------- ---------------- ---------------- -------------- --------------------------------------------------------
  Age (years)                             58.48±15.15      58.75±8.48       58.60±12.30    0.939^[\*](#tfn1-jao-2019-00318){ref-type="table-fn"}^
  Sex                                                                                      0.227^[‡](#tfn3-jao-2019-00318){ref-type="table-fn"}^
   Male                                   9 (33.3)         12 (50.0)        21 (41.2)      
   Female                                 18 (66.7)        12 (50.0)        30 (58.8)      
  Vertigo                                 5 (18.5)         3 (12.5)         8 (15.7)       0.555^[‡](#tfn3-jao-2019-00318){ref-type="table-fn"}^
  Tinnitus                                4 (14.8)         5 (20.8)         9 (17.6)       0.574^[‡](#tfn3-jao-2019-00318){ref-type="table-fn"}^
  Vertigo+tinnitus                        2 (7.4)          0 (0.0)          2 (3.9)        0.174^[‡](#tfn3-jao-2019-00318){ref-type="table-fn"}^
  Duration from onset (day)               3.25±3.32        4.33±4.50        3.76±3.92      0.515^[†](#tfn2-jao-2019-00318){ref-type="table-fn"}^
  Pure tone result (dB)                   58.89±25.81      64.06±32.23      61.32±28.83    0.526^[\*](#tfn1-jao-2019-00318){ref-type="table-fn"}^
  Severity of hearing loss (No. of Pt.)                                                    0.940^[§](#tfn4-jao-2019-00318){ref-type="table-fn"}^
   Mild                                   8 (29.6)         7 (29.2)         15 (29.4)      
   Moderate                               7 (25.9)         5 (20.8)         12 (23.5)      
   Moderate-severe                        5 (18.5)         3 (12.5)         8 (15.7)       
   Severe                                 3 (11.1)         4 (16.7)         7 (13.7)       
   Profound                               4 (14.8)         5 (20.8)         9 (17.6)       
  HTN                                     7 (25.9)         7 (29.2)         14 (27.5)      0.796^[‡](#tfn3-jao-2019-00318){ref-type="table-fn"}^
  DM                                      7 (25.9)         5 (20.8)         12 (23.5)      0.669^[‡](#tfn3-jao-2019-00318){ref-type="table-fn"}^
  IT injection interval (day)             1                2.21±1.05                       

Values are presented as mean±standard deviation or n (%) unless otherwise indicated. Group 1: Intratympanic steroid injection every day for 4 days, Group 2: Intratympanic steroid injection four times at intervals of 2--3 days.

independent t-test,

Mann--Whitney U test,

chi-square independence test,

Fisher's exact test.

n: number, Pt.: patient, HTN: hypertension, DM: diabetes mellitus, dB: decibel

###### 

Final hearing recovery rates after intratympanic injections based on Siegel's criteria

  Siegel's type   Group 1 (n=27)   Group 2 (n=24)   *p*-value
  --------------- ---------------- ---------------- -----------
  Complete        15 (55.6)        14 (58.3)        0.842
  Partial         3 (11.1)         2 (8.3)          0.739
  Slight          0 (0.0)          3 (12.5)         0.058
  No response     9 (33.3)         5 (20.8)         0.318
  Recovery rate   18 (66.7)        16 (66.7)        1.000

Values are presented as n (%) unless otherwise indicated. Group 1: Intratympanic steroid injection every day for 4 days, Group 2: Intratympanic steroid injection four times at intervals of 2-3 days. n: number
